We conducted a taxonomic study of two algicidal bacteria, designated strains Yeonmyeong 1-13 T and Yeonmyeong 1-11, isolated from seawater off Geoje Island in the South Sea, Republic of Korea. The two novel strains were yellow-pigmented, halotolerant, Gram-stain-negative, strictly aerobic, non-spore-forming, rod-shaped bacteria. Both strains were able to grow at 5-39 C, pH 5.0-10.0 and 0-11 % (w/v) NaCl concentration. Based on the 16S rRNA gene sequence analysis, strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 belonged to the genus Stakelama and are closely related to Stakelama pacifica JLT832 T (98.37% and 98.22 % sequence similarity, respectively). The pairwise sequence similarity between strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 was observed to be 99.50 %. In both strains, the only respiratory quinone was ubiquinone-10; the major polar lipids were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine and sphingoglycolipid; the major fatty acids were C 18 : 1 !7c, 
The family Sphingomonadaceae, belonging to the a-subclass of the Proteobacteria, was originally proposed by Kosako et al. [1] . The genus Stakelama was first proposed by Chen et al. [2] , which comprised two recognized species with validly published names: Stakelama pacifica [2] and Stakelama sediminis [3] (http://www.bacterio.net/stakelama.html). All members of the genus Stakelama are Gram-stain-negative, rod-shaped, catalase-positive, strictly aerobic, yellowpigmented bacteria [2, 3] . These strains have been isolated from aquatic environments, such as surface water of the Pacific Ocean [2] and tidal flat sediments [3] .
Red tides are natural global phenomena that have been caused by massive proliferations of plankton algae in marine environments [4] . Many bacteria isolated from marine coastal water have been known as potential killers of red tide organisms and might be suitable as biological control agents for decreasing algal blooms [5] . We have studied marine algicidal bacteria diversity associated with harmful algal blooms in a coastal region of Geoje, Republic of Korea, and the current study has indicated novel algicidal bacteria belonging to the genus Stakelama. In the course of an investigation into algalytic bacteria, two halotolerant yellowpigmented bacteria, designated Yeonmyeong 1-13
T and Yeonmyeong 1-11, showed algicidal activities against five algal strains tested, namely Heterosigma akashiwo KMMCC 1132, Scrippsiella trochoidea KMMCC 593, Heterocapsa triquetra KMMCC 560, Prorocentrum minimum KMMCC 571 and Skeletonema costatum KMMCC 849 [6] . The present work describes the exact taxonomic position of strains Yeonmyeong [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] T and Yeonmyeong 1-11 using a polyphasic taxonomic approach. Based on the results obtained from phenotypic, genotypic, chemotaxonomic and phylogenetic analyses, strain Yeonmyeong [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] T is proposed as a novel species in the genus Stakelama.
For isolation, a seawater sample was collected from Geoje Island in the South Sea (34 77¢ 86.20 † N and 128 39¢ 62.73 † E), South Korea [6] . The sample was filtered through a membrane filter with 0.22 µm pore size (GF/F; Merck Milipore) and spread-plated on ZoBell (ZB) agar [5 g peptone, 1 g yeast extract, 0.01 g FePO 4 .4H 2 O, 15 g agar, 750 ml aged seawater, 250 ml distilled water, pH 7.2], according to Park et al. [7] . After 7 days of incubation at 25 C, strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 were grown and then pure colonies were obtained by repeated streaking on ZB agar plates. The pure cultures were routinely cultured on marine agar 2216 (MA; Difco) at 30 C for 48 h and stored at À70 C in marine broth 2216 (MB; Difco) and R2A broth (MB Cell) supplemented with 20 % (v/v) glycerol stock.
Genomic DNA of the strains Yeonmyeong 1-13
T and Yeonmyeong 1-11 were extracted according to the procedure described by Doyle and Doyle [8] . The 16S rRNA genes of both strains were amplified by PCR with forward primer 27F and reverse primer 1492R [9] . The purified PCR products were sequenced using the 27F, 785F, 907R and 1492R universal bacterial primers with ABI BigDye 3.1 sequencing kits (Applied BioSystems) and an automated DNA sequencer (model 3730XL Genetic Analyzer; Applied BioSystems) at Macrogen (Republic of Korea). An almost complete sequence of the 16S rRNA gene was compiled with SeqMan software (DNASTAR Inc.). The nearly complete length 16S rRNA gene sequences for the strains Yeonmyeong [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] T and Yeonmyeong 1-11 were 1414 and 1413 bps, respectively. The closest phylogenetic neighbours for these sequences were identified by applying the EZBioCloud server [10] . The 16S rRNA gene sequence of strain Yeonmyeong [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] T was subjected to multiple alignment with the sequences of strain Yeonmyeong 1-11 and other closely related bacteria using CLUSTALX 2.1 [11] . After multiple alignment, gaps at the 5¢ and 3¢ ends were deleted using the BioEdit software package [12] . Phylogenetic trees were constructed by three different methods: the neighbour-joining method [13] , the maximum-parsimony algorithm [14] and the maximum-likelihood algorithm [15] using the MEGA6 program [16] . During the phylogenetic analysis, evolutionary distances were calculated using the Kimura two-parameter model [17] , and bootstrap values were calculated based on 1000 replications [18] . Comparison of the resulting 16S rRNA gene sequence with the available 16S rRNA gene sequences from GenBank using the EZBioCloud server (http://ezbiocloud.net/) [10] Cell size and morphology of the strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 grown on R2A agar for 3 days at 30 C were studied by transmission electron microscopy (Bio-TEM, Hitachi, H-7650, Japan). Colony characteristics were observed after incubation of the bacterial cells at 30 C for 5 days on R2A agar. Gram staining type and spore formation were studied as described by Beveridge et al. [21] . A motility test was performed in SIM medium (Oxoid) and R2A medium supplemented with 0.4 % agar. Growth on different bacteriological culture media was assessed using R2A agar (MB Cell), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MAC; Oxoid), marine agar 2216 (Difco), Luria-Bertani agar (LBA; Oxoid) and brain heart infusion agar (BHI; BD Bacto). Growth at different temperatures was observed on MA plates incubated at 0 to 42 C (0, 4, 10, 15, 20, 25, 28, 30, 32, 35, 37, 38, 39, 40 and 42 C) . Growth in different NaCl concentrations was examined using R2A broth as the basal medium supplemented with 0-15 % NaCl (w/v, at intervals of 0.5 %). The optimum pH for growth was assessed in marine broth that was adjusted to pH 4.0-12.0 (at intervals of 0.5 pH unit) prior to autoclaving using citrate/NaH 2 PO 4 buffer, 0.1 M (for pH range 4.0-5.5), phosphate buffer, 0.1 M (for pH range 6-7.5), and Tris buffer, 0.2 M (for pH range 8-10) [22] , and 5 M NaOH (for pH range 10.5-12.0). Testing of pH after autoclaving revealed only minor changes. Anaerobic growth was examined on R2A agar incubated at 30 C for 10 days using a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). The yellow colonies of both strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 grew well on MA, R2A, TSA, NA, LB and BHI agar media. A transmission electron photomicrograph ( The oxidase test was performed using a 1 % (w/v) solution of tetramethyl-p-phenylenediamine dihydrochloride (SigmaAldrich) [23] , and the catalase activity was detected by the presence of bubble formation after the addition of a drop of 3 % (v/v) hydrogen peroxide solution [24] . Indole and H 2 S production, methyl red and Voges-Proskauer tests, reduction of nitrate and hydrolysis of gelatin, casein, starch, aesculin, urea and Tween 80 were assayed as described previously [25, 26] . DNase activity (hydrolysis of DNA) was assessed on DNase test agar (Oxoid) by flooding the agar plates with 1 N hydrochloric acid. Citrate utilization was determined on Simmons' citrate agar after incubation at 30 C for 2 days and activity of lysine decarboxylase was tested according to the standard protocol [25, 26] . Antibiotic susceptibility tests were carried out using the disc diffusion assay (Kirby-Bauer method) according to Ruddell and Anselmo [27] on Mueller-Hinton (Difco) agar and checking the inhibition zone after incubation at 30 C for 2 days. Other physiological and biochemical tests (carbon source utilization, acid production and enzyme activities) of the strains Yeonmyeong 1-13 T , Yeonmyeong 1-11 and the reference strains were performed using commercially available test kits API 20E, API 20NE, API 50CH and API ZYM identification systems (bio-M erieux) following the manufacturer's instructions. Both strains Yeonmyeong 1-13
T and Yeonmyeong 1-11 hydrolysed Tween 80 and aesculin but not casein, starch, gelatin, urea or DNA. Both strains Yeonmyeong 1-13
T and Yeonmyeong 1-11 were found to be sensitive (µg per disc) to gentamicin (10), rifampicin (10), streptomycin (10), penicillin (10), ampicillin (30) , kanamycin (30) , tetracycline (30) , trimethoprim (30) , neomycin (30) , novobiocin (30) and chloramphenicol (100), and resistant to nalidixic acid (30) , cycloheximide (30) and sulfamethoxazole (30) . Other phenotypic characteristics of strain Yeonmyeong 1-13
T are given in the species description and illustrated along with other closely related species (Table 1) .
For the analysis of fatty acids, strains Yeonmyeong 1-13 T , Yeonmyeong 1-11 and reference strains were cultured on R2A agar plates at 30 C for 2 days. Biomass of all strains was harvested after the same growth phase (late log phase). Fatty acid methyl esters were saponified, methylated and extracted according to the standard procedure described in MIDI (Sherlock Microbial Identification System, version 6.2B). Fatty acids were analysed with gas chromatography (HP 6890 series GC system; Hewlett Packard) and then identified with the TSBA6 database of the Microbial Identification System [28] . The major fatty acids detected from strain Yeonmyeong 1-13 T were C 18 : 1 !7c (71.4 %), C 16 : 0 (13.3 %) and C 14 : 0 2-OH (8.3 %). The fatty acid profile of strain Yeonmyeong 1-13
T was similar to strain Yeonmyeong 1-11 and other members of the genus Stakelama, indicating that strain Yeonmyeong 1-13
T is a member of the genus Stakelama [2, 3] . However, the presence of some significant differences in the contents of the fatty acids clearly distinguished strain Yeonmyeong 1-13
T from other closely related species of the genus Stakelama ( Table 2 ).
The respiratory quinones and polar lipids were analysed from freeze-dried cells as described previously [29, 30] . Appropriate detection reagents [29, 31] were used to visualize the spots: phosphomolybdic acid reagent, 5% w/v solution in ethanol (Sigma-Aldrich, Germany) was used to detect total polar lipids; ninhydrin reagent [0.2 % (w/v) solution; Sigma Life Science, USA] was used to detect amino lipids; Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids; and a-naphthol reagent was used to detect glycolipids. Polyamines were extracted and analysed by the technique as described previously [32] . For determination of polyamine patterns, HPLC was performed using the equipment as reported by Stolz et al. [33] . The only isoprenoid quinone of both strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 was ubiquinone-10 (Q-10), as found in all known members of the genus Stakelama [2, 3] . The strain Yeonmyeong 1-13 T contained phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylcholine (PC) and sphingoglycolipid (SGL) as the major polar lipids. Additionally, one unidentified amino lipid (AL) and one unidentified phospholipid (PL1) were detected (Fig. S5) . The major polar lipid profile of strain Yeonmyeong 1-13
T was similar to strain Yeonmyeong 1-11 (data not shown) and reference strains (S. pacifica JLT832 T and S. sediminis CJ70 T ) [2, 3] . However, differences exist in the minor polar lipid profile between strain Yeonmyeong 1-13 T and its closely related reference strains. Glycolipid was not detected from strain Yeonmyeong 1-13 T but reported in S. pacifica JLT832 T [3] . Unidentified aminophospholipid was reported from strain Yeonmyeong 1-13 T but absent from S. pacifica JLT832 T and S. sediminis CJ70 T [2, 3] . T was similar to strain Yeonmyeong 1-11 (data not shown) and strain S. pacifica JLT832 T [2] .
The measurement of the G+C content of the chromosomal DNA for the strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 was performed according to the procedure described by [34] . DNA-DNA hybridization was performed between strains Yeonmyeong 1-13
T and Yeonmyeong 1-11 and the reference strain S. pacifica DSM 25059
T according to the method described by [35] . Salmon sperm was used as the negative control and photobiotin was used as a probe to label DNA of strains Yeonmyeong 1-13
T . The values of DNA-DNA relatedness were determined fluorometrically in microplate wells using a 1420 Multilabel Counter (Perkin Elmer). Additionally, for reverse hybridization each reference strain was labelled with photobiotin and used as a probe to strain Yeonmyeong 1-13
T . All the assays were carried out in triplicate. The DNA G+C content values of strains Yeonmyeong 1-13
T and Yeonmyeong 1-11 were 65.1 and 64.9 mol%, respectively which falls within the range of 61.0-66.0 mol% for the genus Stakelama [2, 3] . DNA-DNA hybridization values between strain Yeonmyeong 1-13
T and Yeonmyeong 1-11 were 88.3±4.0 % (reciprocal, 84.3±5.5 %). This value is significantly higher than the threshold value of 70 %, which clearly demonstrated that strains Yeonmyeong 1-13
T and Yeonmyeong 1-11 represent genetically the same species. DNA-DNA hybridization values between strain Yeonmyeong 1-13 T and closely related reference strain S. pacifica DSM 25059 T was 28.7±3.5 % (reciprocal, 31.0 ±5.2 %). This value is significantly lower than the threshold value of 70 %, which clearly demonstrated that strain Yeonmyeong 1-13 T differs genetically from the closest type strain of genus Stakelama at the species level [36] .
Both strains Yeonmyeong 1-13
T and Yeonmyeong 1-11 can be distinguished from the closest species Stakelama pacifica JLT832 T and Stakelama sediminis CJ70 T by using several phenotypic, biochemical and chemotaxonomic properties, such as: non-motile; positive growth at 39 C and with media containing 11 % NaCl; cannot produce acid from Larabinose, maltose, starch or turanose; unable to assimilate D-mannose and maltose; and absence of a-glucosidase activity. Chemotaxonomically, presence of unsaturated fatty acid C 19 : 0 cyclo !8c was considered as a chemotaxonomic marker that has not been detected from other members of genus Stakelama (Table 2 ). Phylogenetic trees showed that strains Yeonmyeong 1-13 T and Yeonmyeong 1-11 formed a separate monophyletic clade with Stakelama pacifica JLT832 T independent of other recognized species of the genera Sphingomonas and Novosphingobium. In addition, both strains demonstrated algalytic activities against red tide species Hs. akashiwo, Sk. costatum, P. minimum, Hc. triquetra and Sc. trochoidea under conditions as described previously [3] . Based on the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data mentioned above, strain Yeonmyeong 1-13
T clearly represents a novel [37] . All data are from the present study, except for those indicated in parentheses, which were taken from the literature. +, positive; À , negative reaction. All species are Gram-stain-negative, rod-shaped, positive for aesculin hydrolysis; alkaline phosphatase, naphtol-AS-BI-phosphohydrolase, b-glucosidase, catalase and oxidase activities; and utilization of D-glucose, L-arabinose, N-acetylglucosamine and malate. All strains showed negative results for gelatin hydrolysis, citrate utilization, indole and H 2 S production; lipase (C14), a-chymotrypsin, a-galactosidase and a-mannosidase activities; and assimilation of D-mannitol, potassium gluconate, adipic acid, capric acid, trisodium citrate and phenylacetic acid. 
Acid production from:
Oxidation of: Cells are Gram-stain-negative, strictly aerobic, non-motile, non-spore forming and rod-shaped. The size of the colonies is 1.0-1.2 mm in diameter after incubation on MA and R2A agar at 30 C for 5 days. Colonies on R2A and MA are yellowcoloured, circular and smooth. Cells grow well on MA, R2A, TSA, NA and LB; they do not grow on MacConkey agar. Cell growth can be observed at temperatures of 5-39 C (optimum, 30 C) and pH 5.0-10.0 (optimum, 7.0). The cells grow optimally in the absence of NaCl but can tolerate up to 11 % NaCl. Positive for catalase and oxidase tests but negative for H 2 S production, indole production, methyl red and VogesProskauer tests. Hydrolyse aesculin and Tween 80; and cannot hydrolyse casein, starch, gelatin, urea or DNA. Citrate is not utilized. Activities of lysine decarboxylase, arginine dihydrolase and ornithine decarboxylase are negative. Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-glucosidase, b-glucuronidase, b-galactosidase and N-acetyl-b-glucosaminidase activities are present, whereas lipase (C14), a-chymotrypsin, a-galactosidase, a-glucosidase, a-mannosidase and a-fucosidase activities are absent. Cannot ferment , and strain Yeonmyeong 1-11 as an additional strain, were isolated from surface seawater collected from Geoje Island in the South Sea, Korea. The DNA G+C content of the type strain is 65.1 mol%. *Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 3 contained C 16 : 1 !7c and/or C 16 : 1 !6c.
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